Background: High Syntax score (SXscore) is associated with more serious disease and worse prognosis in patients with acute coronary syndrome (ACS). Plasma fibrinogen levels are associated with poor cardiovascular outcomes.
INTRODUCTION
The Syntax score (SXscore), an angiographic classification system that aims to evaluate coronary anatomy regarding the extent and complexity of coronary lesions [1] . Higher SXscore are associated with more serious disease and worse prognosis in patients with acute coronary syndromes (ACS) [2, 3] . It is well established that underlying processes such as inflammation, enhanced coagulant activity, and endothelial dysfunction are closely related to the initiation and progression of atherosclerosis [4, 5] .
Fibrinogen level is a readily measurable systemic inflammatory marker that is also an acute phase reactant, which is a response to acute exacerbation of chronic inflammation [6, 7] . Increased fibrinogen plasmatic levels are directly related with the risk of ACS [8] . It takes part in the atherosclerosis process inducing plaque growth, stimulating adhesion of platelets and white blood cells to the vessels wall cells, endothelial dysfunction, and promoting muscle cell proliferation and migration [9, 10] . Plasma fibrinogen levels have been found to be higher in patients with ACS compared to those of patients with stable coronary artery disease or healthy controls, and higher plasma fibrinogen levels may be predictors of poor long-term prognosis [11] [12] [13] [14] . The association of the extent and complexity of atherosclerosis in ACS with fibrinogen levels has not been adequately studied.
Thus, we sought to investigate the relation of plasma fibrinogen levels with the extent and complexity of coronary artery disease assessed by SXscore in patients with ACS undergoing urgent coronary angiography (CAG).
METHODS

Patient population
The present study included patients with ACS, who underwent urgent CAG between January 2013 and May 2014 in our hospital.
We excluded individuals who had a history of coronary artery bypass grafting, in whom the SXscore could not be calculated. Patients with angina of secondary aetiology, active infection, or chronic inflammatory diseases, severe hepatic or renal dysfunction, all kinds of haematological disease including bleeding disorders, leukaemia, and history of malignancy and those on anticoagulation treatment were also excluded. Severe renal insufficiency was defined as pre-dialysed patients with an estimated glomerular filtration rate (eGFR) < 30 mL/min/1.73 m 2 . The criteria for severe liver impairment were alanine-aminotransferase > 50 U/L, plasma albumin < 2.5 g/dL, and/or prothrombin time > 20 s.
ST-segment elevation myocardial infarction (STEMI) patients were defined as those presenting with ischaemic symptoms > 20 min with ST-segment elevation of > 2 mm in two contiguous precordial leads or > 1 mm in two or more contiguous leads, new (or presumably new) left bundle branch block, or true posterior myocardial infarction on admission electrocardiogram. Patients with unstable angina/non-ST-segment elevation myocardial infarction (NSTEACS) were required to have unstable ischaemic symptoms and electrocardiographic changes compatible with new ischaemia or increased cardiac biomarkers.
Hypercholesterolaemia was defined as a total cholesterol level ≥ 220 mg/dL or previous or ongoing treatment with lipid lowering agents. Arterial hypertension was defined when a patient was under active treatment with antihypertensive drugs or if the systolic blood pressure was ≥ 140 mm Hg or the diastolic blood pressure was ≥ 90 mm Hg on two or more separate occasions. Current smokers were those with regular smoking in the previous six months. The diagnosis of diabetes mellitus (DM) required active treatment with insulin or an oral hypoglycaemic agent, abnormal fasting blood glucose (≥ 126 mg/dL), blood glucose > 200 mg/dL at any time, or abnormal glucose tolerance according to World Health Organisation criteria. The eGFR values were calculated using the Modification of Diet in Renal Disease (MDRD) formula [15] and utilising the creatinine level measured on admission.
The study was approved by the Local Ethical Committee. All patients gave informed written consent.
Laboratory measurements
Baseline demographic information and laboratory data including complete blood count, complete lipid panel, high sensitivity C-reactive protein (hs-CRP) and fibrinogen, and cardiac markers of myocardial ischaemia/necrosis (creatine kinase-myocardial band [CK-MB], troponin T) were obtained in all patients. Plasma fibrinogen levels were measured using a Beckman Coulter ACL-TOP analyser (Beckman Coulter Life Sciences, Indianapolis, Indiana) with Instrumentation Laboratory reagents (Instrumentation Laboratory, Lexington, Massachusetts) from venous blood samples taken on admission (using citrate as the anticoagulant) immediately after first contact of patients with the hospital. Cardiac markers of ischaemic injury were measured every 8 h following CAG until hospital discharge or up to 24 h to assess the degree of myocardial injury.
Transthoracic echocardiography was performed for all patients (Vivid 3; GE Medical System, Horten, Norway) within 48 h of the hospitalisation. The left ventricular ejection fraction (LVEF) was determined using modified Simpson's method.
Coronary angiography and Syntax score
All patients were pretreated with aspirin, clopidogrel, and intravenous/subcutaneous heparin at the time of diagnosis after arrival at the emergency service. Diagnostic CAG was performed using standard techniques (Siemens Axiom Artis zee 2011; Siemens Healthcare, Erlangen, Germany). All of the interventions were performed with standard femoral approach with a 6-French guiding catheter (Launcher; Medtronic, Minneapolis, Minnesota, USA). Multivessel disease (MVD) was defined as the presence of a stenosis greater than 50% in three major epicardial coronary arteries based on CAG. Preprocedural SXscore for each patient was calculated by a team of two interventional cardiologists. All coronary lesions that produced a luminal narrowing ≥ 50% in vessels ≥ 1.5 mm were separately scored using the SXscore calculator, and then summed to provide an overall SXscore. The online latest updated version (2.11) was used for the calculation of the SXscore (http://www.syntaxscore.com) [1] . A low SXscore was defined as ≤ 22, intermediate as [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] , and high as ≥ 33. The patients were divided into two groups: those with low SXscore (≤ 22), and those with intermediate-high SXscore (≥ 23).
Statistical analysis
Categorical variables are presented as counts and percentages, whereas continuous variables are presented as mean ± standard deviation (SD) or as median and interquartile ranges (IQR) depending on the normality of distribution assessed with the use of a Kolmogorov-Smirnov test. Comparison of parametric values between the two groups was performed by means of independent samples t test. Comparisons of nonparametric values between the two groups were performed by Mann-Whitney U test. Categorical variables were compared by the c 2 test. Spearman's rank test was used for correlation between fibrinogen and hs-CRP levels. In addition, we used multiple regression and logistic regression to observe the association between intermediate-high SXscore and the impact of the principal variable (fibrinogen) and of other variables that probably acted as confounders (age, gender, body mass index [BMI], current smoker, DM, LVEF, heart rate, haemoglobin, eGFR, glucose, neutrophil-to-lymphocyte ratio (NLR), mean platelet volume (MPV), hs-CRP, and ferritin). Receiver-operating characteristic (ROC) curve analyse was performed to determine the best fibrinogen cutoff value for the prediction of intermediate-high SXscore while maximising sensitivity and specificity. Two-tailed p values were considered as significant at < 0.05. All statistical analyses were performed using SPSS V 18.0 for Windows (version 18.0, SPSS, Chicago, Illinois).
RESULTS
A total of 756 ACS patients were enrolled in our study. There were 551 patients (mean age 60 ± 12 years, 30.3% women) in the low SXscore (≤ 22) group and 205 patients (mean age 66 ± 12 years, 39% women) in the intermediate-high SXscore (≥ 23) group.
Baseline clinical characteristics of patients are listed in Table 1 . Intermediate-high SXscore was significantly associated with older age, female gender, DM, heart rate and inversely associated with BMI, current smoking, and LVEF. Prior medications were similar between the groups.
Baseline laboratory and angiographic characteristics of patients in relation to SXscore are presented in Table 2 . Patients with SXscore ≥ 23 had increased MPV, NLR, glucose, creatinine, ferritin, and hs-CRP, and decreased haemoglobin and eGFR at admission. Peak troponin T levels were also higher in this group. The plasma levels of fibrinogen were higher in the patients with SXscore ≥ 23 (median 492 mg/dL, IQR 428-581) than in the patients with SXscore ≤ 22 (371 mg/dL, IQR 309-428; p < 0.001) ( Table 2 , Fig. 1 ). In addition, it was determined that there was a correlation between fibrinogen and hs CRP levels in the whole study population (r = 0.54, p < 0.001). In subgroups according to SXscore as low and intermediate-high SXscore there were also correlations between these two parameters (r = 0.48, r = 0.39, p < 0.001, respectively). Culprit lesions in patients with SXscore ≥ 23 were more likely to be located in the left anterior descending coronary artery, whereas in patients with SXscore ≤ 22 they were more (Fig. 2) . The best cutoff value of fibrinogen for the prediction of intermediate-high SXscore while maximising sensitivity (80.0%) and specificity (71.3%) was 417 mg/dL. Using this value, patients were divided into two groups: those with fibrinogen > 417 mg/dL (n = 434) and those with fibrinogen ≤ 417 mg/dL (n = 322). Patients with a fibrinogen level > 417 mg/dL were significantly older with higher prevalence of female gender, hypertension, DM, but lower frequency of current smoking and lower LVEF compared with patients with fibrinogen levels ≤ 417 mg/dL. Additionally, platelet count, NLR, creatinine, glucose, and hs-CRP levels and SXscore were significantly higher, but haemoglobin and eGFR values were significantly lower in the fibrinogen > 417 mg/dL group. Chronic total occlusion and MVD were more frequent in the higher level of fibrinogen group. In-hospital mortality was higher in the higher fibrinogen group compared with lower fibrinogen group (21 [6.5%] vs. 12 [2.8%], respectively, p = 0.012) ( Table 4) .
DISCUSSION
The main finding of our study is that plasma fibrinogen levels on admission are independently associated with the extent and complexity of coronary atherosclerosis in ACS. An increased level of fibrinogen predicts intermediate-high SXscore in these patients.
The SXscore is widely accepted as an independent prognostic marker in patients with ACS [2, 3] . Palmerini et al. [2] showed that the SXscore is an independent predictor of the one-year rates of death, cardiac death, myocardial infarction, and target vessel revascularisation in patients with NSTEACS undergoing percutaneous coronary intervention. Magro et al. [3] demonstrated that the SXscore during primary percutaneous coronary intervention is a useful tool that provides additional risk stratification to known risk factors of long-term mortality and major adverse cardiovascular events in patients with STEMI.
Fibrinogen is a coagulation/inflammation biomarker, which is strongly associated with atherogenesis [6] . An array of mechanisms by which fibrinogen may promote atherosclerosis and/or atherothrombosis [16, 17] . Several studies have shown that fibrinogen levels are related to major adverse cardiovascular events [18, 19] . Elevated fibrinogen levels are directly related with the risk of ACS [8] . Plasma fibrinogen levels have been found to be higher in patients with ACS, and higher plasma fibrinogen levels may be predictors of poor prognosis [12] . Similarly, our study suggested that in-hospital mortality was higher in patients with higher (> 417 mg/dL) fibrinogen levels when compared to those with lower (≤ 417 mg/dL) fibrinogen levels in our study population.
In our study we found that higher admission fibrinogen levels were associated with the extent and complexity of coronary atherosclerosis in patients who underwent CAG for ACS. The exact mechanisms for the coagulation-dependent mechanisms of atherogenesis are still obscure. It is well known that the pathogenesis of atherosclerosis involves a number of local inflammatory mechanisms, including endothelial dysfunction, leukocyte migration, extracellular matrix degradation, and platelet activation [5] , and these mechanisms mediate many of the stages of the development of the atheromatous plaque, from initial leukocyte recruitment to eventual rupture of the unstable atherosclerotic plaque [20] . Fibrinogen may play an important role in all stages of these events. Fibrinogen is a marker for inflammation because it is induced by interleukin-6, a cytokine that also induces CRP [7] . In our study, we found that well known inflammatory markers that reflect vascular inflammation such as fibrinogen, hs-CRP and NLR levels were higher in patients with intermediate-high SXscore. In addition, fibrinogen contributes to blood viscosity, platelet aggregation, and fibrin formation and modulates subsequent coagulation activation [21] . Fibrinogen has been shown to promote smooth muscle cell proliferation and induce monocyte chemotaxis [22] . Smooth muscle cells and monocyte/macrophages are the major cellular components of the atheromatous plaques associated with coronary atherosclerosis. Moreover, fibrinogen can bind to endothelial cell receptors and trigger the release of vasoactive mediators [23] . Fibrinogen and its degradation products modulate endothelial cell permeability and promote endothelial cell migration. As a result of these interreactions, fibrinogen leads to endothelial dysfunction [24] . It is well known that impaired endothelial function represents a major factor for atherogenesis. Furthermore, there is evidence that hyperfibrinogenaemia predisposes to the formation of denser fibrin clots displaying impaired fibrinolysis, which might enhance atherosclerosis [25] . So, the elevated fibrinogen levels in our study population consisting of ACS may the result of acute complication of vascular disease by serious events including acute thrombosis and enhanced coagulant activity because of impaired fibrinolysis. Consequently, hyperfibrinogenaemia could be a result of more complex coronary atherosclerosis.
Limitations of the study Our study has several limitations. First, the assessment of CAG findings was limited to the visual interpretation, and CAG detects only major coronary arterial lesions. Second, fibrinogen was based on a single measurement. It would be interesting to know if the fibrinogen changes over time and if the fibrinogen in the subsequent tests is still a predictor of extent and complexity of coronary disease. Finally, several disorders could increase fibrinogen levels, so the impact of higher fibrinogen levels may be recommended as a minor risk factor for atherosclerosis.
CONCLUSIONS
In conclusion, plasma fibrinogen levels are significantly associated with the extent and complexity of coronary atherosclerosis in patients with ACS. A higher fibrinogen level is an independent predictor of intermediate-high SXscore.
